Abstract. This work presents the Vehicle Routing with Time Windows and Loading Problem (VRTWLP) as a multi-objective optimization problem, implemented within a Genetic Algorithm. Specifically, the three dimensions of the problem to be optimized -the number of vehicles, the total travel distance and volume utilization -are considered to be separated dimensions of a multiobjective space. The quality of the solution obtained using this approach is evaluated and compared with results of other heuristic approaches previously developed by the author. The most significant contribution of this work is our interpretation of VRTWLP as a Multi-objective Optimization Problem.
Introduction
Managing the distribution of goods is a vital operation for many companies which realize that distribution has a major economic impact. However, clients' satisfaction depends mainly on meeting their demand as effectively as possible. This is commonly described as providing a service to a client. Usually a service is a combination of different distribution characteristics, for example: product availability, delivery time, delivery programming and good conditions after delivery. One of the most important areas in serving clients is said to be the transportation of goods. With an adequate transportation, items arrive on time, undamaged and in the desired quantities. Indeed, those are the three main client's demands to be achieved and for that, the integration of route planning and vehicle packing is essential.
When solving a Vehicle Routing Problem with Time Windows (VRPTW), the solutions ensure that items arrive to the client within the time window. To ensure they do not suffer any damage during transportation, a stable load is necessary which is achieved by solving the Container Loading Problem (CLP). To ensure that all the items of each demand are delivered to a client, one must solve the VRPTW and CLP in an integrated way. Indeed, the classical model of vehicle routing ensures that total client demand, assigned to one vehicle, does not exceed the vehicle capacity restrictions in terms of weight (or other scalar measure). However it is not certain that the cargo can be physically loaded and arranged inside the vehicle/container. So, a cargo, which in terms of weight can be packed in a vehicle, can exceed its volume capacity, or vice versa. To deal with this drawback we propose the resolution of the VRTWLP as a Multi-objective Optimization Problem.
Ideally the client items are packed in the vehicle considering a LIFO (Last-in-FirstOut) strategy. Some authors ([10] , [25] ) present a variation of the travelling salesman problem with pickup and delivery in which the loading and unloading operations are executed in a LIFO order.
[10] presents three local search operators embedded within a variable neighbourhood search metaheuristic. [25] introduces the double travelling salesman problem with multiple stacks and presents three metaheuristic approaches where repacking is not allowed. The items are packed in several rows inside the container and each row is considered a LIFO stack.
The container loading problem is a three-dimensional problem that establishes arrangements of items in a container. Usually, the CLP aims to maximize loading efficiency -that is, the container space usage. The other problem discussed in this paper is the VRPTW. In the VRPTW, clients have to be served within a period of time [27] . In literature there are four goals that are usually considered: (i) minimize the number of vehicles; (ii) minimize the total travel distance; (ii) minimize the total time; and (iii) minimize the vehicles total waiting time at clients. Some approaches use one of these goals and others combine two (or more) of them. Very few papers approach the vehicle routing problem and the two-dimensional bin packing problem integration, all very recent.
[18] presents a special case of the symmetric capacitated vehicle routing problem and proposes an exact approach based on branching algorithms.
[15] presents a taboo search heuristic to solve the routing problem with three-dimensional loading constraints.
[19] presents a framework to integrate the VRPTW and CLP using two different solution methods. The first one treats the problem in a sequential approach while the second uses a hierarchical approach applying a GRASP algorithm.
In the next sections of this paper, the VRTWLP as a multi-objective optimization problem implemented with Genetic Algorithm (GA) is proposed.
[23] applied a hybrid search based on GA and Tabu Search to soft VRPTW where the multi-objective VRPTW is dealt like a single-objective optimization. In a more recent work [24] , the same authors present a multi-objective genetic approach to VRPTW in which the two objective dimensions are the number of vehicles and the total distance.
In section 2 a VRTWLP specification and an overview of multi-objective optimization search is provided. A Multi-objective Genetic Algorithm and some experimental details are presented in section 3. Section 4 reports the results and makes comparisons with related works while section 5 concludes the paper with a general discussion.
